Abstract. Snow cover significantly influences the moisture and thermal properties of the active 12 layer in permafrost regions. Seasonal snow cover, soil temperature, and moisture were monitored 13 in the northeastern Qinghai-Tibet Plateau (QTP) from December 2012 to February 2015. 14 According to field data, the following conclusions were drawn. (1) The snow season in this region 15 is predominantly during spring (March to May) and autumn (September to November), the 16 thickness of individual snowfall events is usually less than 5 cm, and the duration of land surface 17 snow cover is generally no longer than 5 days. (2) Removal of seasonal snow cover is beneficial 18 for cooling the active layer in a whole year and in other seasons with the exception of summer. 19
insulation occurs in seasonal snow cover when its thickness is more than 20 cm, which is similar 80 to monitoring results from the Qilian Mountain ice groove (Hao et al., 2009 ) and predictions using 81 the Coupmodel (Zhou et al., 2013) . In addition, snow cover formation and thawing time can also 82 deeply influence the active layer temperature. Daniel (2001) analyzed the thermal regime of the 83 active layer over the Corvatsch site in the Alps and found that snow cover 5-15 cm thick in late 84 autumn could more effectively cool the shallow soil mass. 85
Snow cover influences not only the temperature and thickness of the active layer, but also the 86 soil moisture content. In spring, water content in the active layer increases remarkably, even 87 reaching saturation conditions, because of the infiltration of melted snow (Hinzman et al., 1991; 88 Hinkel et al., 2001 ). In winter, the permafrost shell thickness of the surface layer significantly 89 influences the infiltration of melted snow, while a permafrost shell more than 0.4 m thick could 90 impede infiltration (Iwata et al., 2011) . Using observation results from high latitude areas, the 91 SNOW-17 snow cover energy and water balance model has been developed, which theoretically 92 discusses the effects of seasonal snow cover on the water content of the active layer (Anderson, 93 1976 ). 94 Previous studies have shown that seasonal snow cover remarkably influences the 95 hydrothermal regime of the active layer, producing significant spatio-temporal differences. In this 96 study, the western section of the Qilian Mountains in the northeastern QTP is investigated, where 97 mountain island permafrost dominates (Li et al., 2012; Li et al., 2014) , and a wide distribution of 98 snow cover exists (Zeng et al., 1985; Chen et al., 1991) . During the period from 2003 to 2010, 99 there has been a remarkable decrease in the number of average snow days and a gradual increase 100 in the stable snow cover (Sun et al., 2014) . Because of differences in geographical location, the 101 area in this study differs significantly from the more commonly studied high latitude and Alpine 102 regions with respect to radiation, climate, and snow cover characteristics. Recent studies on snow 103 cover effects on the active layer in this area have mainly focused on numerical simulations and the 104 shallow soil layer at a depth of about 50 cm (Jin et (Figure 1b) , the NSS and the SRS, which had similar ground 157 vegetation ( Figure 1c ) and lithologies (Figure 2) 
174
The propagation rate of sonic waves was adjusted by using the existing temperature probe of 175 the monitoring site to enhance measurement accuracy of the snow depth. In the QTP, the snow 176
The Cryosphere Discuss., doi:10.5194/tc-2016-134, 2016 Manuscript under review for journal The Cryosphere Published: 6 July 2016 c Author(s) 2016. CC-BY 3.0 License. cover thickness of the shallow ground is usually less than 6cm, and the duration of snow cover is 177 generally 2-3 days (French, 2007) . High frequency continuous data are needed to analyze the 178 effect of snow cover on the active layer because snow cover changes rapidly. In order to capture 179 the hydrothermal states of the active layer, all sensors including the infrared surface temperature 180 probe, the snow depth probe, and the surface albedo probe were connected to the CR3000 181 automatic data acquisition instrument with a half hour acquisition time interval. However, due to a 182 power supply problem that was not carefully considered when upgrading the meteorological 183 station, leakage in data acquisition often occurred during the night at the snow removal site. 184
There is more than one dominant wind direction in this area, and the dominant wind 185 directions differ between seasons. Snow fences were not adopted in the SRS. Snow shovels and 186 brooms were used to remove the snow cover of the SRS. Snow removal was typically completed 187 one day after snowfall. Images of NSS and SRS before and after snow removal are shown in 188 When the active layer is frozen, measurement results are much lower than the true value. In order 228
to discuss the true water content and its variability, only values measured in the thawing period 229 were analyzed in this paper. After each snowfall in the Yashatu Basin, the duration of surface snow cover is generally less 251 than 5 days (Figure 6 ), and the average melting time of each snowfall is less than 2.5 days, while 252 the snow cover duration is typically less than one day. During the period from the end of October 253 to the middle of November 2014, due to low temperatures and more than ten snowfalls, the 254 duration of surface snow cover increases to 17 days, which is the longest continuous snow cover 255 event in the Yashatu Basin over the two years. 256 Snowfall in the Yashatu Basin shows significant seasonal differences (Table 2 ).In winter 260 (December-February), the accumulated snow cover thickness is not large, but the duration of snow 261 cover is long because of low air temperatures. Conversely, in spring (March-May), the 262 accumulated surface snow cover thickness is large and the snow cover duration is short because of 263 enhanced surface radiation and increasing air temperatures, and the melting time of single snow 264 cover events is usually less than one day. In summer (June-August), the accumulated snow cover 265 has the lowest thickness, and the melting time is usually within several hours. In autumn 266 (September-November), the accumulated snow cover is thickest, and the surface snow cover 267 duration is the longest. 268 The soil temperature of the active layer, especially the topsoil, changes greatly throughout the 282 year ( Figure 7) . It is therefore unsuitable to estimate the thermal effect of seasonal snow cover on 283 the active layer by comparing the ground temperature at one point in time. The mean annual soil 284 temperature is the average value of soil temperatures acquired at a certain frequency in one year, 285 which synthetically reflects the thermal regime of soil at any depth in the active layer, or in a 286 perennial frozen earth layer, and can be used to study trend of the thermal regime of the active 287 layer or permafrost (Wu and Zhang, 2008) . 288 Previous studies suggest that the daily geothermal propagation depth is within 2.0 m (Yershov, 289 1998) . In the QTP, we assume that the depth, where daily soil temperature amplitude is less than 290 In spring, the soil temperature of the active layer in the NSS is higher than that of the SRS, 312 with a temperature difference of generally less than 0.1 ºC, except for the area near 3 m depth 313 (Figure 8a ). In summer, the temperature of the NSS at 0.5-2.0 m depth is about 1 ºC lower than 314 that of the SRS, while at 2.5-4.0 m depth, the temperature of the two sites is almost the same 315 (Figure 8b ). In autumn, the temperature of the NSS at 0.5-1.5 m depth is approximately 0.5 ºC 316 higher than that of the SRS, and at depths below 1.5 m, the temperature difference of the two sites 317 is less than 0.1 ºC (Figure 8c ). In winter, the temperature of the NSS at 0.5-2.0 m depth is at most 318 3.3 ºC higher than the SRS, while at depths below 2.0 m, the temperature curves of the two sites 319 are basically equal, and the maximum temperature difference is no more than 0.1 ºC (Figure 8d ). 320
Ground temperature at all depths in the active layer is higher in the NSS than that in the SRS with 321 exception of summer. Their difference decreases with the depth. 322
In terms of yearly temperature, the mean annual soil temperature difference in active layers 323 of the two sites also decreases with an increase in depth, and the temperature difference at 0.5 m 324 depth is the greatest, with the NSS being 0.8 ºC warmer than SRS. From 1.6 m to the bottom of 325 the active layer, ground temperatures are all higher in the NSS than that in the SRS. However, the 326 mean annual soil temperature difference of the two sites is generally less than 0.3 ºC (Figure 8e ). 327
Temperature differences are observed in the active layer of the SRS before and after snow 328 removal (Figure 8f ). In the first year after snow removal, increases of 0. Soil moisture content in the active layer changes significantly with depth, so simply comparing 362 the soil moisture at a certain depth is not helpful for understanding the effects of seasonal snow 363 cover on soil moisture in the active layer. The CS616 probe acquires the volumetric water content, 364 under the assumption that the moisture content between the probes changes according to a known 365 law, and therefore the average moisture content within the monitoring scope can be directly 366 acquired from on site monitoring data. Referring to the acquisition method of the 0 ºC isotherm, 367 the linear interpolation method is used in this paper to obtain soil moisture content at various 368 depths, and the overall moisture content of the active layer can be obtained through the following 369
Eq. (1): 370
In the above Eq. (1), the moisture content at 0-5 cm depth is the same as that at a depth of 5 cm, 372 and refer to the average moisture content within the monitoring scope and the total number 373 of probes in the active layer, respectively, and are the depth and moisture content of the 374 th probe from top to bottom, and is the depth of the probe at the th soil layer. The unit for 375 and is cm, and % for and .
376
The overall moisture content of active layers in the two sites between 0-2.5 m depth at the 377 maximum thawing penetration in 2012, 2013, and 2014 is obtained according to this method, and 378 the calculation results are listed in Figure 10 . From 2012 to 2014, the range in overall moisture 379 content within the active layer at the NSS is 2.7%, and an accumulated decrease of 1.8% is 380 cover thickness, a thin seasonal snow cover should decrease the temperature within the active 398 layer at Yashatu sites. The ground temperature in the SRS should increase after snow removal. 399
However, in reality, air temperature during the two consecutive years was higher than prior to 400 snow removal the thickness of the snow cover was smaller than the critical snow cover thickness, 401 and the average soil temperature of the active layer in the SRS two years after snow removal was 402 lower than both before snow removal and the NSS. 403
The temperature decrease within the active layer of the SRS may be connected to the high 404 thermal resistivity of snow cover, which decreases the heat dissipation intensity of the active layer 405 in the winter (Goodrich, 1982 in autumn (Figure 5) , and the duration of surface snow cover is quite long (Figure 6 ). The cooling 411 period of the active layer is also in autumn, when the snow cover significantly decreases heat 412 release and hinders the temperature decrease within the active layer. The increase in ground 413 temperature under snow cover occurs not only in winter, but also throughout the whole year, when 414 the ground temperature may be higher (Williams, 1989) . In fact, except for summer (Figure 8b ), 415 the shallow soil temperature within the active layer of SRS is lower than that in the NSS in spring, 416 autumn, and winter (Figures8a, 8c, and 8d). 417 Table 3 Average monthly thermal flux (W m of the active layer can decrease by 1.5 ºC due to the thawing latent heat and 10.0 ºC due to the 432 evaporating latent heat theoretically. Therefore, the dramatic decrease in moisture content may be 433 the other significant factor which leads to the temperature decrease of the active layer in the SRS. 434
In order to verify this phenomenon, the problems experienced with the power supply were 435 solved at the SRS in April 2015. Thermal flux data were successfully collected at half-hour 436 intervals during the period from April 2015 to March 2016, and listed in Delingha is 140 mm, and the evaporation reaches 2230 mm (Lv, 1960) . The altitude in Yashatu 473 Basin is 1000 m higher than that of Delingha meteorological station, and according to rainfall 474 trends in mountain areas, the annual rainfall of the former should be larger than that of the latter. 475
In fact, the rainfall in Yashatu Basin during the period of 2012.12-2014.11 was similar to that of 476 Delingha. The rainfall in Yashatu for the year 2013 was only 100 mm, which is even less than that 477 of the urban area in Delingha. The analysis shows that Yashatu Basin experienced a significant dry 478 period in the years 2012-2014. Intense evaporation reduced the water supply from rainfall to the 479 active layer during these dry years, and finally resulted in the slight decrease in moisture content 480 observed in the NSS. 481
The SRS is influenced by both the dry years and the lack of snow cover compared to the NSS. 482
The SWE of snow in this area over the two years was 110 mm. This result could only increases the 483 moisture content at depth range of 0-2.5 m in the active layer by 4.4% at most, which is 484 significantly less than the 8% moisture content difference between the two sites. Therefore, 485 infiltration of melted snow cover alone cannot sufficiently explain this difference in moisture 486 content. 487
Infiltration is not the only way that the seasonal snow cover influences the moisture content 488 of the active layer, and the effect of snow cover on evaporation maybe more significant. Firstly, 489 the snow cover has a shielding effect on the surface. By coating the surface, the snow cover 490 changes the contact pattern between the atmosphere and the surface, and greatly reduces the effect 491 of airflow on surface soil evaporation (Penman, 1948; Yeh, 1983) . Secondly, the shielding effect 492 of snow cover also significantly reduces surface warming from solar radiation. Compared to the 493
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bare surface, the albedo of snow cover is high, and the snow surface temperature is even lower 494 than the air temperature (Yershov, 1998) , and much lower than the bare surface. Therefore, the 495 ground surface temperature under the snow cover is lower than that of the SRS during the day or 496 in summer because of the low snow surface temperature. Furthermore, Yashatu Basin is located in 497 the mid-latitude zone, where the annual solar global radiation is fairly strong. Even in winter, solar 498 radiation greatly increases the temperature of the bare surface during the daytime. The monitoring 499 results from the west of Qilian Mountain indicate that the evaporation capacity of the surface soil 500 is enhanced by an increase in surface temperature (Wang and Guo, 2013) . Additionally, the heat 501 needed for snow cover thawing comes not only from radiation from the sun and the surrounding 502
atmosphere, but also from the underlying surface soil, which helps to decrease the surface 503 temperature and reduce the evaporation capacity of the active layer. 504
Influenced by the reduction in precipitation and snow removal, moisture content within the 505 active layer in the SRS decreases significantly and consistently over the two years of this study. 506
Compared to the first year, the range of moisture content decreased in the second year by over 507 50%.The rate of moisture content decrease in the SRS will drop year by year as the snow removal 508 duration increases, until a new dynamic equilibrium is reached. 509
Conclusions 510
Based on analysis and discussion on the monitoring data from the monitoring sites of Yashatu 511
Basin in the western Qilian Mountain, Qinghai-Tibet Plateau, during the period of 512 2012.12.1-2015.2.28, some preliminary conclusions are drawn. 513
1. In Yashatu Basin, the snow cover is usually less than 5 cm, which can be classified as thin 514 snow cover. The annual accumulated snow cover thickness is usually less than 50 cm. The surface 515 snow cover duration is less than 5 days, which can be classified as short-term surface snow cover. 516 2. Over a calendar year, the ground temperature in the active layer is higher in the NSS than 517 that in the SRS. Seasonally, the ground temperature in the active layer is also higher in the NSS 518 than that in the SRS in other seasons with exception of summer. This phenomenon may result 519 from the high thermal resistivity of snow, snowfall time, and the marked decrease of moisture 520 content in the active layer. 521 3. Reduction of moisture content in the active layer of the NSS and SRS is related with less 522 rainfall and intensive evaporation during the period of 2012.12-2014. 
